Abstract: Islanded operation, protection, reclosing and arc extinguishing are some of the challenging issues related to the connection of converter interfaced distributed generators (DGs) into a distribution network. The isolation of upstream faults in grid-connected mode and fault detection in islanded mode using overcurrent devices are difficult. In the event of an arc fault, all DGs must be disconnected in order to extinguish the arc. Otherwise, they will continue to feed the fault, thus sustaining the arc. However, the system reliability can be increased by maximising the DG connectivity to the system; therefore the system protection scheme must ensure that only the faulted segment is removed from the feeder. This is true even in the case of a radial feeder as the DG can be connected at various points along the feeder. In this paper, a new relay scheme is proposed which, along with a novel current control strategy for converter interfaced DGs, can isolate permanent and temporary arc faults. The proposed protection and control scheme can even coordinate with reclosers. The results are validated through PSCAD/EMTDC simulation and MATLAB calculations.
Introduction
The concern about climate change has led to the development of more sustainable energy based on renewable sources, such as solar, wind, mini-hydro and biofuels. This push is starting to spread the power generation over the distribution networks in the form of distributed generation (DG) and will lead to increase in the DG penetration level significantly in the near future. These DGs can provide benefits for both utilities and consumers in terms of transmission losses, deferral in capital investment and reliability. However, the protection of the distribution network in the presence of DGs will be a challenging task as radial structure of the present network will be altered due the placement of DGs at various points along the line [1] . Specifically, the change of fault current levels and fault current direction can upset the coordination of overcurrent protective devices in the line [2] . On the other hand, reliability can be increased significantly in the presence of DGs, if the network can operate with adequate protection in both grid-connected and islanded modes.
Most of the renewable energy sources are connected to distribution systems through voltage source converters (VSCs), either because they produce DC voltages (e.g. PV) or because they are of variable frequency (e.g. small wind). The control system of such converters limits their output currents in the event of a fault to protect the power electronic switches [3] . This creates difficulty in the coordination of overcurrent protection arrangements, which are designed assuming high fault current levels. If the present practice of disconnecting all DGs in the event of a fault in the network [4, 5] were to continue, the problem may not be crucial when the distribution network operates in grid-connected mode, since most of the fault current can be supplied by the utility supply. However, this practice will change as the penetration level of the DGs increases. In such a case, the tripping of the upstream breaker from the fault point will be insufficient. The breaker, which is located immediately downstream from the fault location, must also trip so that DGs themselves can supply the unaffected buses further downstream. The fault currents may be insufficient to trip the downstream breaker, if DGs are current limited. Also, the fault current levels in remote area networks, operating in islanded modes, can be very low. For such low fault current levels, overcurrent devices may not respond or may take a long time to respond [6, 7] .
Furthermore, the protection of the distribution network for arcing faults can be challenging when DGs are connected to the network. It has been found that around 90% of the faults in the power system are transient arc faults [8, 9] . Ordinarily, such faults can be successfully eliminated by de-energising the line long enough to self-extinguish the arc; the deenergisation is accomplished by reclosers. When DGs are connected to network, they will have to be disconnected so as not to sustain any arc fault [10] . This may work satisfactorily when the penetration of DGs in a distribution system is low. However, as the penetration levels increase, the permanent disconnection of DGs for temporary arc faults will considerably reduce the system reliability. This paper introduces a new relay and a new control strategy for a VSC connected DG to maximise the benefits when DG penetration level is significantly high. The proposed relay has the ability to isolate faults effectively irrespective of the fault current levels. Also, the proposed converter control strategy, based on fold back current characteristics, is capable of arc extinction and selfrestoration. The work described in this paper is mainly focused on the proposed relay characteristic, proposed converter control strategy, arc modelling and relay response for both permanent faults and arc faults. The proposal is validated by PSCAD/EMTDC simulations and MATLAB calculations.
Proposed relay characteristic
The new inverse time relay is proposed based on the admittance of the protected line. A radial distribution feeder, as shown in Fig. 1a , is considered to explain the new relay fundamentals. It is assumed that the relay is located at node R and the point K is an arbitrary point at the protected feeder. The total admittance of the protected line segment is denoted by Y t and measured admittance between the points R and K is denoted by Y m . Then the normalised admittance (Y r ) can be defined in terms of Y t and Y m as
This normalised admittance is used to obtain an inverse time tripping characteristic for the relay. The general form for the inverse time characteristic of the relay can be expressed as
where A, r and k are constants, while the tripping time is denoted by t p . These constant values can be selected based on the relay location and the protection requirements. The tripping characteristic can be changed to achieve the required fault clearing time in a particular location. When a network has different types of protective devices, these constants can be used for the coordination purposes. For example, coordination between the relay and fuse can be considered. In this case, these constants should be selected appropriately according to the tripping characteristic of the fuse. The relay tripping characteristic for A ¼ 0.0047, r ¼ 0.08 and k ¼ 0 is shown in Fig. 1b . The normalised admittance (i.e. Y r ) becomes higher as the fault point moves towards the relay location. As a result, the relay gives a lower tripping time for a fault nearer the relay. On the other hand, a higher fault clearing time will ensue when the fault is further from the relay location. 
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It is to be noted that the normalised admittance should be greater than one for relay tripping. This implies that the measured admittance is greater than the total admittance as given below
A fundamental extraction method such as fast Fourier transform (FFT) can be used to obtain the fundamental magnitudes and angles of the voltage and the current in the relay location. These fundamental voltage and current are used to calculate the measured admittance. Furthermore, the proposed admittance relay can detect the faults occurring at either side of the relay in a network. In this case, a directional feature should be added to the relay, which can be done by calculating the negative sequence impedance seen by the relay. If the distribution network consists of these relays located at equal distances, the same forward and reverse reach can be used to isolate forward and reverse faults. It is to be noted that for the relay to operate for reverse faults, there must be an infeed from a DG that is located downstream from the relay. When the relays are not placed equidistant from one another, the reach setting should be different for forward and reverse faults. The proposed relay has the capability such that the forward and reverse reach can be set appropriately and independently. The more details about new relay grading, reach setting and implementation process are presented in [11] .
The proposed admittance relay retains the desirable inverse-time characteristic of an overcurrent relay that is highly beneficial for relay coordination in a power distribution network. In a DG context, there can be a wide range of source voltages during a fault period. The proposed relay has a response which is insensitive to these voltage levels. The tripping time of an impedance relay remains the same for a fault within a particular zone, irrespective of the location of the fault. This implies that such a relay does not consider the distance to the fault within a particular zone. Such relays are usually used in transmission networks where there are no intermediate loads or generations. However, the proposed relay has an inverse time characteristic and can differentiate fault locations. Hence it can be used in a complex network like a distribution system amidst loads and DGs.
Proposed converter control strategy
A current fold back control for a converter interfaced DG is proposed in this section. This control strategy helps in the arc extinction while maintaining sufficient current levels to aid fault detection. The converter nominally operates in voltage control mode. Once a fault is detected, it switches to fold back current control mode. The three-phase structure of the converter which is used in this paper to implement the proposed control strategy is shown in Fig. 2a [12] . It contains three H-bridge converters that are supplied a common DC bus containing the DG. Three single-phase transformers are connected to the three converters to provide isolation and voltage boosting. In this figure, L f is the leakage reactance of the transformer, R f is the transformer losses and L 0 is the output inductance of the DG-converter system. The filter capacitor C f is used to bypass the switching harmonics and the voltage across the capacitor is denoted by v c .
The single-line diagram of the converter is shown in Fig. 2b , where the parameters are also given. The converter in both voltage and current modes is operated in output feedback pole shift voltage/current control mode to select R 1 , S 1 , R 2 and S 2 [13] . Each phase is controlled according to its output voltage (v c ) or current (i 0 ). These signals are sampled at 10 ms. The output sampled signals are then used in the discrete-time output feedback controllers shown in this figure. The switching pulses are generated in the same manner as reported in [13] . The controller mode change operations are also indicated in this figure. Depending on the PCC terminal voltage V T , the modes are changed.
The converter control contains two separate characteristicsone for normal operation and contingency (faulted) conditions and the other one for system restoration. The voltage-current relation for normal and contingency operation is shown in Fig. 3a . During normal operating condition, the VSC operates along the line segment AB under a voltage control mode. Let us assume that when the VSC output voltage reaches V 2 , its output current reaches 2I r , I r being the rated current. The operation of the VSC shifts to current control mode once the output voltage falls below V 2 . This is shown in Fig. 3b , in which the output current is gradually reduced with time along the line segment DE. This gradual decrease will help trigger the protective devices. Otherwise if current is suddenly reduced, the protective devices will not have any information about fault. From point E, the current is reduced rapidly along the segment EF until it reaches a value nI r , where n is a very small number.
It is to be noted that the line segment BC cannot be represented exactly in Fig. 3a since converter voltage, in current control mode, may change with the system parameters such as fault location and fault resistance. This is why the voltage-current relation in this case is shown with a dotted line in the figure. The time period t 12 and t 23 , shown in Fig. 3b , can be selected according to the protective device requirements. Especially, the time, t 12 allows relays to detect the faults. Therefore it should be long enough for successful fault isolation. The selection can be done calculating the maximum fault clearing time of a known relay characteristic.
The VSC checks the terminal voltage continuously to identify the fault status (i.e. if the fault is cleared or still persists). If the fault is cleared during the current fold back period, the VSC will restore the system to its pre-faulted state by changing back to the voltage control mode. For example, if the fault is cleared at the point P (in Fig. 3c ), then VSC restores through point M to the operating point O. The load line is shown assuming the DG capacity is sufficient to supply the load demand.
After the VSC reduces its output current to nI r , the DG is kept connected to the network for a pre-defined time period. During which it injects a very small current. This mode of operation can be called sleep mode and it allows for the arc faults to self-extinguish. The required time period can be calculated based on the de-ionisation time which is given by [14] t = kV 34.5 + 10.5 cycles
The self-recovery process of the DG starts after the defined de-ionisation time. In the restoration process, the VSC is not allowed to exceed the rated current I r . The recovery characteristics for the VSC are shown in Fig. 4 . The recovery characteristic is along the points CKL. Three different cases are considered. Fig. 4a shows the restoration process when the load demand is less than the DG capacity. During the restoration, for current at point C, the voltage is at point M on the load line. The mode controller monitors the voltage and if it stays constant for five samples, it decides that the point M has been reached. At that instant, the rated current is injected which will take the voltage to point L. The controller switches to voltage control mode thereafter and the system operation will shift to point O on the load line.
The DG system has to be safeguarded against unsuccessful restoration which can occur if the fault is not cleared or if the load demand becomes higher because of some DG/utility tripping. Two such cases are considered. A possible fault line for a ground fault with a small fault resistance is also shown in Fig. 4b , in which the voltage cannot rise above point O until the fault is cleared. In the case of higher load demand, the load line will shift as shown in Fig. 4c . It is obvious that the operating point will reach point O through the path shown in Fig. 4c . The VSC will still remain in the current control mode since the load demand is more than that the DG can supply.
The restoration process is carried out by the VSC for a defined time interval. If the VSC has not been restored successfully within this time period, the DG will be disconnected from the system by tripping the circuit breaker connected at the output of the DG. The total restoration time can be used to coordinate with the reclosers in the system. The synchronised restoration process with the recloser is discussed in Section 5.
It is to be noted that, in this paper however, constant impedance type loads are considered. For the low inertial loads, it is expected that loads such as induction motors have reached zero speed during the sleep time of the DG and they behave like constant impedance loads once the restoration process is started. The effect of load mainly influences the recovery characteristic of a converter interfaced DG. The control strategy checks the possibility of automatic system restoration by checking the terminal voltage of the DG for particular injected current. The rms value of the DG terminal voltage at that current is the measure which determines the possibility of system restoration. For example, if the load demand is high compared to the DG generation then restoration will be unsuccessful because of the inadequate terminal voltage level. Therefore the shape of the load curve in voltage-current graph only changes the restoration path and ultimate operating point.
Arc model selection for simulation
An accurate representation of an arc in simulation is difficult because of its extremely random nature. However, for studying the effects of DG on arc faults and the response of the proposed relays for arc faults, a realistic arc model is needed. The selected arc model should indicate whether the arc is sustained or extinguished. One possibility is to choose a current-dependent arc resistance model, which represents the arc with a time-varying resistance or a square-wave voltage source in phase with the arc current [8] . This model is valid when the fault current level is high, that is, when the utility is connected. However, once the utility is disconnected and fault current is supplied by the DGs, the arc parameters change. The new parameters are difficult to define accurately. Therefore this model has not been used.
Another possibility is to use both primary and secondary arc models for the simulation in the presence of DGs in the network. Most line faults are single phase to ground and are temporary arc faults. Therefore the arc fault can be successfully removed by performing the single-pole reclosing in high voltage (HV) lines [15] . The primary arc exists in HV lines before the circuit breaker opens and a secondary arc occurs because of hot plasma remaining from the primary arc after the circuit breaker opens. The secondary arc is sustained by the mutual coupling (capacitive and inductive) between the faulted and unfaulted phases [16] . However, reclosing is usually threepole in medium and low-voltage systems. Therefore in a way similar to HV arcs, a secondary arc model can be used in the presence of the DGs to simulate arc faults after the disconnection of the utility supply, where the DGs will sustain the secondary arc. In [10] , a similar arc fault study has been performed with a wind power plant, where the measured arc voltage waveforms are compared with the simulation results to validate the arc model. We will use the primary and secondary arc models, which are discussed below.
Primary arc fault
The theory of a switching arc was recently proposed to model the long fault arcs in air, both primary and secondary [17] . Heavy fault current flows during the primary arc period.
The arc column has a large cross-sectional area since the system provides a high input electrical power to the arc. It can be assumed that there is no elongation of the arc length during this period. The dynamic arc characteristics can be written as [16 -18] 
where T p is the arc time constant, G p is the stationary arc conductance and g p is the instantaneous arc conductance. G p and T p can be expressed as
where |i| is the absolute value of the primary arc current, V p is the arc voltage gradient, l p is the primary arc length, I p is the peak value of primary arc current and a is a constant.
Secondary arc fault
The secondary arc is usually self-extinguishing, but its duration can depend on many factors and it is mainly dependent on the arc current [15] . The secondary arc length will vary over time. Wind velocity and the magnitude and duration of the primary arc current are the two factors which affect the elongation of the arc length. However, the total secondary arc voltage is practically proportional to the arc length [17] . The low current secondary arcs can be expressed as [16] 
where T s is the secondary arc time constant, G s is the stationary arc conductance and g s is the instantaneous secondary arc conductance. G s and T s can be given by
, T s = bI
where |i| is the absolute value of the secondary arc current, t r is the time from initiation of secondary arc, l s (t r ) is the timevarying arc length, I s is the steady-state peak secondary arc current and b is a constant.
Arc extinction
Defining the arc extinction conditions is a challenging task in arc modelling. The arc self-extinction action depends not only on the fault current magnitude, but also on the transient recovery voltage rate after successful arc extinction at current zero crossing. Furthermore, the arc extinction time is proportional to the arc time constant. In [16] , the arc extinction is proposed based on dielectric breakdown. The arc model in (7) only considers the thermal reignition, while dielectric re-strikes are not considered. In [15] , the secondary arc extinction is determined, if the derivative of arc resistance is higher than the value in (9) and the instantaneous conductance is lower than the value in (10).
However, this criterion only considers the thermal extinction of the arc and there is a probability of dielectric re-ignition of the arc. This is not considered here.
Simulation results
Several case studies have been conducted to investigate the suitability and efficacy of the proposed relays and VSC control strategy. For this purpose, a four-bus radial distribution feeder is considered as shown in The relays are located just before the BUS-1, BUS-2 and BUS-3. With this arrangement, the infeed effect on relays, www.ietdl.org located downstream of the fault, can be minimised. System parameters of the simulated system are shown in Table 1 . Both permanent and arc faults are considered in the simulation.
All the circuit breakers connected to the relays are considered to have reclosing capability, since part of this study is to demonstrate the compatibility of proposed protection and control strategy on reclosing. The reclosing can be considered as one of the major protection issues that may reduce the system reliability when DGs are connected to distribution networks. It is to be noted that if the circuit breakers associated with relays do not have the reclosing capability, then the fault isolation can be achieved without automatic system restoration. The restoration of the faulted segment is performed based on the identification of fault direction. Reclosing opportunity is given to the relay which sees the fault as forward. For example, let us assume that a temporary fault has occurred between BUS-1 and BUS-2, which is subsequently cleared by relays R 1 and R 2 . All the DGs are then operating in islanded mode supplying the loads. Now R 1 tries to close the circuit breaker (live to dead reclosing) first by identifying this fault as forward after a pre-defined delay-time period T d . If the reclosing is successful, then R 2 waits till the upstream side is restored before performing the reclosing operation (live to live). Now suppose the fault is between BUS-2 and BUS-3 and is subsequently cleared by R 2 and R 3 . Since DG1, still supplies the fault, it is disconnected from the system after a period of time (it includes current fold-back time, sleep mode time and self-restoration time of the DG), which is less than the delay-time period T d . Then, R 2 will try to reclose and if that is successful, R 3 will be connected once the system settles down. Note that, in this case, DG1 needs to be manually reconnected after fault is cleared since no automatic procedure is proposed here.
Results for permanent faults
Three-phase permanent faults are generated along the feeder of Fig. 5 to evaluate the relay response. Fig. 6 shows the proposed relay characteristic curves and relay response which have been obtained by MATLAB calculation. The combined Zone-1 and Zone-2 forward characteristics are shown for each relay. It is assumed that each DG injects a constant current of 0.06 kA during the fault and there is 0.05 V of fault resistance at the fault point. To discuss the results, two terms are introduced -relay response and relay tripping characteristics. The latter is defined by (2) using only the line parameters. It does not consider that DGs may be present in the system or that any fault impedance is present. The relay response is calculated using (2) considering all loads and DGs present in the system. The results show that relays can respond to isolate faults from both the upstream and downstream sides of the feeder effectively. Each relay also provides backup protection for the adjacent relay. For example, for a fault at point A (Fig. 6 ) between BUS-2 and BUS-3, R 2 will trip first to isolate the fault from the upstream side while R 3 responds next to isolate the fault from downstream side. However, if R 2 fails to trip, R 1 will trip by providing the backup protection. Further backup protection for relay R 2 can be provided, if a three-zone protection scheme is chosen for R 1 .
The system shown in Fig. 5 is simulated in PSCAD for different system configurations since all DGs and all the loads may not be connected all the time. A single line-toground (SLG) fault is created at 0.305 s at different locations. Different case studies are considered by changing the DG and load connectivity to the network.
Case study 1: When DG generation is more than load demand: In this study, it is assumed that all three DGs and three loads are connected to the feeder of Fig. 5 . A SLG fault is created between BUS-1 and BUS-2, at a point that is 10% of the line length away from BUS-1. The DGs start to reduce the current gradually in current control mode according to the proposed fold back characteristic. The relays R 1 and R 2 respond to isolate the faulted segment at 26 and 51 ms, respectively, after the initiation of fault (i.e. R 1 operates at 0.331 s and R 2 operates at 0.356 s). As a result of successful faulted segment isolation, the islanded system, beyond BUS-2, can operate in autonomous mode. The voltage, output current, output real power and frequency of DG1 is shown in Fig. 7 . Once R 2 opens at 0.356 s, the DGs are switched back into the voltage control mode. This results in fast system restoration without disconnection of any of the DGs from the network. Note that in this study, droop control, which can result in the drift in frequency, has not been considered. Since the converter reference voltages or currents are chosen to be fundamental frequency of 50 Hz, there is no change in the frequency during the mode switching. The response of the other two DGs is similar and is not shown here.
Case study 2: When DG generation is less than load demand: To simulate this scenario, only DG1 and DG3 are assumed to be connected to the system with three loads and a fault is created at the same point mentioned in the previous study. The relays R 1 and R 2 respond 26 and 51 ms, respectively, to isolate the faulted segment. Once the relay R 2 responds to isolate the faulted segment, DG1 and DG2 supply the power to the loads in the islanded section beyond BUS-2. The output voltage, output current and real power of DG1 are shown in Fig. 8 . At the moment R 2 opens, the DGs try to restore the system, which can be seen from the voltage transient at 0.360 s. However, since load demand is higher than the power generation from DGs, the system restoration is not possible. Therefore the system does not recover at the instant of fault clearing and DGs further decrease the output current until it reaches to sleep mode. The DGs remain in sleep mode for 100 ms without disconnecting from the system. After this time duration, the DG restoration process starts, during which the controller calculates the output voltage as per Fig. 4c . This causes an increase in voltage as evident from Fig. 8a . However, this voltage is insufficient to restore the system and after further 50 ms, the DGs are disconnected due to unsuccessful restoration. The DG circuit breakers then open to isolate the DGs from the system. Load shedding on the basis of the restoration attempt is not addressed here.
In Fig. 8 , it can be seen that the voltage and current becomes zero at 0.554 s, while the power exponentially reduces to zero. This strange behaviour is caused because of the low-pass filter used in the power measuring circuit. This prevents power measurement to be zero instantaneously. However, since both voltage and current become zero at 0.554 s, the DG output power also becomes zero at the same instant.
Results for arc faults
The radial feeder of Fig. 5 is considered to investigate the effect of proposed VSC controller on arc faults and the response of proposed relays. The simulated arc parameters are shown in Table 2 . The arc fault is initiated at peak of a voltage waveform. A high fault current flows in the beginning since both utility source and DGs feed the fault. At this stage, the arc is modelled as a primary arc. Once the relay responds to isolate the fault from the utility side, the rest of the system becomes islanded and the fault current reduces because of the current limit applied by the VSC controllers. During the islanded operation, the arc is modelled as secondary arc.
Case study 3: Arc fault between BUS-1 and BUS-2: An arc fault is created at 0.305 s. The primary arc has high arc current, low arc voltage and low arc resistance as can be seen from Fig. 9 . The relay R 1 responds at 0.332 s, as shown in Fig. 9d , to isolate the arc fault from upstream (i.e. utility side). Once this happens, the arc resistance increases due to the secondary arcing, as evident from www.ietdl.org Fig. 9c . The DGs start to reduce the output current gradually with the initiation of the fault. Fig. 10 verifies the sinusoidal current limiting and gradual current decrease in fold back characteristic. It is to be noted that a hardware current limiter is employed for the VSCs to limit the instantaneous peak output current to the value 100 A. The fold back current limit is applied once the hardware limit is reached. The relay R 2 responds at 0.349 s to isolate the fault from the downstream side. The isolation of the faulted segment results in the islanded mode of operation containing all the three DGs. Thereafter, the system recovers successfully when DGs are switched to the voltage control mode -the response of DG1 is shown in Fig. 10 .
Case study 4: Arc fault between BUS-1 and BUS-2, assuming that downstream relay R 2 fails to operate: The same scenario as case 3 is considered here. Once R 1 responds to the fault, DGs feed the arc in secondary stage. However, it is assumed that the relay R 2 fails to isolate in this case. This results in the decrease in the output currents of all DGs owing to the use of the current fold back (DG1 response is shown in Fig. 11 ). The arc extinguishes at 0.412 s due to lack of current. The DGs start to self-restore the system at 0.490 s after remaining in the sleep mode for 100 ms and the system is restored completely at 0.520 s. Note that only thermal arc extinction is considered in this case. However, the DGs are kept in the sleep mode for 100 ms, a sufficient time required for dielectric arc extinction. This study confirms that the DGs can self-restore the system without sustaining the arc. 
IEEE 34 node feeder results
To test the proposed protection and control performance on a standard system, IEEE 34 node test feeder is considered [19] . The test system is modified as shown in Fig. 12 by adding three relays R 1 , R 2 and R 3 which are located at nodes 832, 834 and 860, respectively, and three converter interfaced DGs, DG-1, DG-2 and DG-3 which are connected at nodes 838, 840 and 848, respectively. The relay protection zones and reach settings are shown in Table 3 . The reach settings are calculated using the given system parameters for the IEEE 34 feeder.
The system is modelled and simulated in PSCAD, where the DGs are employed with proposed fold back current characteristic. In this example, two regions, region-A and region-B, are selected assuming that these regions have the capability to operate in islanded mode. Each DG capacity is chosen appropriately to enable the autonomous operation at each of these regions.
Fault at node 858: A SLG fault is created at 0.3 s. The relays R 1 , R 2 and R 3 operate at 0.35, 0.366 and 0.377 s to isolate the faulted segment. After the isolation of the faulted segment, DG-1 and DG-2 in the region-A and DG-3 in region-B restore the system automatically and continue to supply the loads in autonomous mode of operation, thereby increasing the reliability of the system.
Fault at node 842: Similarly, a SLG fault is initiated at 0.3 s. The relay R 2 responds at 0.343 s to isolate the fault. The DG-3 folds back output current and try to restore the system after the sleep time. Since fault is not cleared, DG-3 is disconnected owing to unsuccessful restoration. The rest of the system except region-B, operate in gridconnected mode.
Conclusions
A new inverse time admittance relay characteristic and a new fold back control strategy for converter interfaced DGs are discussed in this paper. The relay has the ability to isolate both the permanent faults and transient arc faults from upstream and downstream side of the faulted segment when fold back current limited DGs are present in the network. Therefore proposed protection scheme enhances reliability during islanded operation, assuming that the DG generation is sufficient to supply the load demand. Furthermore, reclosing possibilities are considered to increase the reliability further.
The proposed converter control strategy is capable of maintaining a DG connected to the network after a fault and does not require its immediate disconnection. Moreover, the fault ride through capability of a converter can be increased indirectly because of the proposed fold back current limit. Furthermore, the arc will self-extinguish and the system will self-restore if the DGs utilise the proposed controller.
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